Introduction:
The renewed strong interest in doped manganites has been triggered by interest in the colossal magnetoresistance (CMR) effect [1] . Here, one observes a large reduction of the resistivity upon applying a magnetic field.
The CMR effect is caused by the temperature dependent phase transition from a paramagentic insulator to a ferromagnetic metal in these doped manganites. Thus, in the vicinity of this phase transition an applied magnetic field does not only restore the magnetic order as it does in all types of ferromagnetic materials but also gives rise to metallic conductivity. The coincidence of the ferromagnetic-paramagnetic phase transition with the metal-insulator transition, that accompanies the CMR effect, is associated with the double exchange mechanism [2] . Due to theC MR effect, the ferromagnetic manganites are of technological interest and a vast amount of work has been conducted towards optimizing the CMR properties with respect to the resistivity change, the necessary magnetic fields, as well as the useful temperature range. In addition to these important technological aspects, the doped manganites are fascinating materials and exhibit a wide variety of unusual physical properties which are related to the magnetically ordered state and make these materials considerably more complex than conventional transition metal ferromagnets.
Most CMR studies have focused on the perovskite manganites like Lal.XSrXMn03. However, Moritomo et al. demonstrated that it is possible to fabricate a layered form of these materials, in particular the n = 2 variant of the Ruddlesden-Popper series (La, Sr)~+lMn~03n+l [3] . Figure 1 illustrates the n = 1, 2, 00 members of this family. The unit cell may be written as SrO(Lal-XSrXMn03)~with n being the number of Mn06 octahedral layers in each unit cell. The n = 00 compound then refers to the bulk perovskite structure, whereas the n = 1 member consists of separated Mn06 layers and does not show ferromagnetic order at accessible temperatures. The bilayer structure n = 2, however, has interesting magnetic and related properties and is presently the focus of intense research efforts [3-1 3] . The unit cell consists of two Mn06 octahedral layers which are separated by an insulating SrO layer from the adjacent bilayer. The structure is tetragonal, with the ah-plane parallel to the layers of Mn06 [4] . The x = 0.4 variant of this material was reported to have a -20,000 % CMR with H = 7 T, and -200% CMR at low fields (0.3 T) for T = 129 K [3] . All of these materials (including the n = 00 variety) exhibit a competition between antiferromagnetism (due to superexchange) and ferromagnetism (due to double exchange). For x = O, the materials show antiferromagnetic order, while for x = 0.2 -0.4, the materials are ferromagnetic, and exhibit a metal-insulator transition at TC. TC broadens and moves appreciably in an external field H, which in turn shifts and broadens the metal-insulator transition and causes the CMR. An external field is thought to align the Mn spins and therefore allows the dopinginduced excess electrons (via the double exchange mechanism) to delocalize and "hop" between the Mn3+and Mn& sites [2] .
Besides the CMR effect the bilayer phase SrO(Lal.XSrXMnO~)2 exhibits a number of interesting structural and magnetic properties. The structural properties have been extensively investigated using X-ray and neutron scattering and unusually large magnetoelastic effects have been observed [7] . Furthermore, the observed magnetic order strongly depends on the exact value of x and shows a rich variety of ordered states [11] . For the x = 0.3 and x = 0.4 compositions, a ferromagnetic ground state is observed with the easy axis of the magnetization along the c-axis and in the ah-plane, respectively. Both types of materials exhibit a strong CMR effect and a very anisotropic conductivity below as well as above Tc due to the insulating SrO planes that separate the bilayers [11] . However, a quantitative understanding of the observed properties is still missing. Also, the critical behavior and the magnetic correlations near TC have been studied but a clear understanding of all aspects of the ferromagnetically ordered state is presently not available [13] . More studies are necessary to explore the rich variety of phenomena found in these layered materials. In particular, the role of polarons in governing the energetic of the phase transition needs further elucidation.
As in the cuprate superconductors, not all of the interesting physics for the manganites is confhed in the temperature region T < TC [14] .
Several studies have reported short-range magnetic order for T > TC in these layered materials (both x = 0.3 and 0.4) [4, 10, 15] . Besides the possibility of unusual intrinsic effects, due to the complexity of the materials, it has also been reported that these layered materials contain intergrowth defects [11] . Certain magnetic phenomena observed in those materials are caused or influenced by these extrinsic sample imperfections which can be envisioned as an occasional stacking normal to the thin plates. Detailed investigations of the atomic structure of these crystals using neutron diffraction show the good quality of our samples including the full occupancy of all lattice sites [7] . For the investigation of the microscopic structure, in particular the study of intergrowths, we have performed TEM measurements on ion-milled platelets. Magnetization and susceptibility (~) measurements were made on both, a SQUID and an extraction magnetometer from Quantum Design, equipped with 7 and 9 T superconducting solenoids, respectively. The trapped flux in the solenoids (-10 Oe) was monitored, so that the field values given are correct to within k 0.2 Oe. Measurements were made with the applied field both parallel to the ah-plane (H II ab) and parallel to the c-axis (H II c). Resistivity measurements were made on thin platelets obtained by crushing the boule; leads were connected by attaching In wires to sputtered Au contacts.
Intergrowth Structures
Seshadri et al. have demonstrated the presence of intergrowths in these layered materials, using transmission electron microscopy (TEM) [9] .
Intergrowths can be due to missing or extra layers of SrO atoms between the MnOGoctahedral planes. Such defects represent n # 2 variants of the Ruddlesden-Popper series. detailed analysis reveals that these white bands are associated with the insulating S@ double layers which can be seen from the inset. So, the imperfections seen in Fig. 2 correspond to missing or extra SrO layers. In Fig. 2a , the regular series of white bands is interrupted by a n = 5 intergrowth structure, whereas in Fig. 2b , an extra white band is present which divides the regular units cell into two n = 1 intergrowth features.
Such intergrowths are also observed in the x = 0.3 samples as can be seen from Fig. 3 where two bright-field micrographs are shown. Here, the detailed atomic structure of the intergrowths is not visible due to the lower resolution. However, the intergrowths can still be identified as sharp vertical lines, perpendicular to the c-axis of the crystal (Fig. 3b) . In Fig.   3a , no intergrowth is detectable, which means that the depicted segment of this crystal exhibits perfect n = 2 bilayer periodicity.
The intergrowth structures influence the magnetic properties of SrO(Lal.XSrXMnO~)z because they represent inclusions of a different variant of the Ruddleson-Popper series and therefore a different magnetic entity.
As already mentioned, the magnetic properties of the layered materials depend strongly on n and therefore it is reasonable to assume that the intergrowth features within the lattice also have magnetic properties different from the adjacent "perfect" layers. Thus, it is very important to characterize the magnetic properties of the intergrowth phase as well as its influence on the general behavior of the layered material. An estimate of the intergrowth volume fraction can be made from magnetization measurements. We obtain a volume fraction of 0.1 -1% intergrowths in the x = 0.4 samples and 0.3-0.6% intergrowths in the x = 0.3 samples.
Magnetic and Transport Properties
Before we discuss the influence of the intergrowths on the magnetic and Fig. 6 . Here, the temperature dependent resistivity for an x = 0.3 sample is displayed with the current parallel ( Fig. 6a) and perpendicular ( Fig. 6b) to the ah-plane. The observed resistivity parallel to the ah-plane is two orders of magnitudes smaller than the c-axis resistivity, but the temperature and field dependence are alike in both cases. At TC, one observes an abrupt drop of the resistivity for decreasing temperatures consistent with the paramagnetic-to-ferromagnetic phase transition. Upon application of a large magnetic field (H = 9 T in our measurements), this phase transition is smeared out and a signiilcant conductivity is restored above Tc resulting in the CMR effect.
Besides understanding the basic magnetic and resistance properties in terms of the dominant magnetic interactions, SrO(Lal.XSrXMnO~)2 provides another challenge associated with materials issues. As appears in Fig. 4 , the magnetization shows a transition at TC,but one can also see from these data that the measured magnetization does not vanish or even approach M = O for T > TC. This can be seen in more detail in Fig. 7 , where only the temperature range near TC is depicted. In Fig. 7a , we see the measured behavior becomes even more evident in Fig. 7b where we have plotted the inverse susceptibility vs. temperature. Here, one would expect the curves taken for various field strength to disagree only in the vicinity of TC but approach each other for higher temperatures. This is obviously not the case , and therefore, the observed magnetization measurements cannot be interpreted in terms of a field induced magnetization above TC. Instead, these results demonstrate the existence of a second magnetic entity with a higher ordering temperature in our samples. As already outlined in our discussion of the intergrowth structure, we would expect the intergrowth to have different magnetic properties and it seems reasonable to assume that an n > 2 intergrowth structure should have an increased ordering temperature. Thus, we can associate the observed second magnetic entity in our samples with structural intergrowths. An additional argument for this explanation is the fact that the residual magnetization above TC, as a fraction of the total magnetic moment of the entire sample, varies from specimen to specimen, clearly indicating an extrinsic origin for the residual magnetization. We should also keep in mind that we saw such a strong variation for the density of intergrowth structures in Fig. 3 .
To establish the connection between the residual magnetization and the intergrowths, we have also studied the residual magnetization in more detail. Figure 8 shows the observed magnetic moment as a fi.mction of temperature for an x = 0.3 sample. As we can see, even at room temperature, i. e. at temperature values three times as large as the TCof the host material, we still find a significant magnetic moment with only a very small magnetic field applied. In addition, we observe that the M(T) behavior shows three individual transition-like features. This highly unusual temperature dependence indicates that there are at least three different types of additional phases in this sample. This is in agreement with our interpretation because one would expect a variety of intergrowth structures with different n-values or spatial extents to be present in our samples. Figure 9 shows the field dependence of the magnetization for the x = 0.3 sample at T = 250 K for in-plane as well as out-of-plane orientation of the applied field. Interestingly, one finds the residual magnetization to be oriented within the ah-plane as opposed to an orientation along the ctaxis found below Tc for this very sample. Thus, the preferred magnetization orientation changes at Tc, which can be explained within our picture of intergrowth magnetism. Below TC, the entire sample is ferromagnetic and the magnetization prefers the orientation along the magnetocrystalline easy axis. Above Tc, however, the ferromagnetic phase is present only in a thin layer, namely the intergrowth phase, which exhibits a strong shape anisotropy forcing the magnetization to lie within the ah-plane. Thus, the association of the residual magnetization with the observed structural intergrowth features gives a natural explanation for the reorientation of the magnetization above TC.
Summary and Outlook
The The intergrowth structures and the associated magnetism are significant in two aspects. First, they are essentially isolated magnetic entities for temperatures above TC and allow investigations of twodimensional ferromagnetism in a system with a non-conventional exchange mechanism. They are also an example of a two-dimensional ferromagnetic material buried inside a host materkd with exchange enhanced magnetic susceptibility, which makes them an interesting research topic. Secondly, the intergrowth magnetism plays a role for the magnetic properties of the host material in the vicinity of Tc Here, the layered SrO(Lal.XSrXMnO~)2 is not a simple bulk phase near its ordering temperature, but rather a binary system of a majority phase coupled to a ferromagnetic minority phase.
Thus, the magnetic and resistivity properties are complex and challenging. Measurements were made on separate samples, both of whom had Tc = 90 K; the minor difference between the TC'Swas normalized out. 
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